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ABSTRACT:This study sought to determine the bacteriological quality of some boreholes and storage tanks used 
for drinking and other domestic purposes in Ekosodin community and evaluated the antimicrobial susceptibility patterns 
of the groundwater resources isolates. A total of 48 samples were collected from three boreholes and storage tanks for a 
period of two months. Samples were analyzedfor microbiological content following standard procedures. Feacal 
Coliform (FC) and Feacal Streptoccocci (FS) counts and antimicrobial susceptibility patterns were evaluated using the 
Most Probable Number and Kirby-Bauer methods respectively.The mean FC counts (1.2±0.3Cfu/100ml - 
55±10Cfu/100ml) and meanSF counts (0cfu/100ml – 9.25±1.1Cfu/100ml) in some of the samples examined, exceeded 
the WHO limit of 0Cfu/100ml for drinking water. Significant differences were recorded for mean FS counts 
betweensome boreholes and storage tanks. Escherichia coli (34%), Klebsiella sp (23%), Pseudomonas sp (19%) and 
Feacal Streptococci(12%) were amongst the identified isolates from the water samples. The antibiogram analysis 
revealed that all isolates (87%) except some strains of Feacal Streptococci were sensitive to ciprofloxacin and 73% of 
isolates were resistant to Erythromycin. All isolates exhibited a multi drug resistance to at least eight antibiotics. The 
microbial analysis revealed a faecal contamination of the groundwater, making it unfit for drinking without proper 
disinfection. 
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In Nigeria, the inability of the Government to provide 
pipe borne water has led to the exploitation of 
groundwater for water supply by citizens. 
Groundwater is generally regarded as one of the 
pristine sources of water. However, recent studies 
have shown that the quality of groundwater in most 
urban areas in Nigeria is deteriorating fast (Ocheri et 
al., 2014).The contamination of groundwater quality 
has been related to location and construction of wells, 
proximity of wells to domestic waste dumpsites, 
abattoir, sanitary systems such as pit-latrines and 
septic tanks. Moreover, groundwater quality has been 
shown to vary seasonally. (Ocheri et al., 2014). 
 
Pathogenic bacteria such as Escherichia coli, 
Aerobacter aerogenes, Klebsiella sp.,  Pseudomonas 
sp., Proteus sp., Staphylococcus sp. and Acaligenes 
sp. have been isolated from groundwater (Efuntoye 
and Apanpa, 2010 ; Onuoha, 2015). Some of these 
isolates, such as Pseudomonas aeruginosa and 
Klebsiella sp. can cause nosocomial infections in 
immunocomprised patients. (WHO, 2011).  
 
Recent studies shows the proliferation of emerging 
contaminants such as antibiotic resistance genes and 
microbes in the environment (Berendonk et al., 2015). 
The unappealing manifestation of this situation is the 
increasing persistence of bacterial infections amongst 
the public (Frieri et al., 2016).This development is of 
public health concern and needs appropriate attention. 
Earlier studies on antimicrobial resistance focused 
more on environments and samples considered to be 
antibiotic resistance hotspots which includes; sewage, 
dairy effluent, municipal wastewater, medical 
environments and effluents (Harwood et al., 2001; Li 
et al., 2001; Brown et al., 2006) but only few 
extensive studies exist on the prevalence of antibiotic 
resistance in borehole water samples from solely 
residentially environments (Dwyer et al.,2017). 
Hence this study set out to research on the 
antimicrobial susceptibility pattern of groundwater 
isolates from Ekosodin community which is majorly 
inhabited by students and local inhabitants. Therefore 
the objective of this study was to assess the 
bacteriological quality of the groundwater sources in 
Ekosodin community and determine the antibiogram 
of the isolates from the assessed groundwater 
samples. 
 
MATERIALS AND METHODS 
Study area: The study was conducted in Ekosodin 
community; a town located in Ovia North East Local 
Government Area of Edo state in Nigeria. Ekosodin is 
mostly populated by students who live outside the 
school residence hostels of University of Benin and 
the major source of water for drinking and other 
domestic purposes is boreholes. Three sampling sites 
were selected which were A (06o 24’ 28.2 ̎  N,005o 37' 
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27.0 ̎E), B (06
 o
 24' 33.8 ̎N,005
o
 37' 22.0 ̎E) and C (06
 
o
 24' 27.9 ̎N, 005
o
 37' 27.8 ̎E). Location A was 260.87 
Metres from B and C was 351.74 Metres from B.
 
 
Fig 1. Map of study area 
 
Sample collection: A total of 48 water samples were 
obtained from three boreholes and their respective 
storage tanks at an interval of two weeks from May to 
June.250ml capacity sterile bottles were pre-sterilized 
in an autoclave at 121°C for 15 minutes before they 
were used for collecting water samples. After 
allowing several litres of water to run for 5 minutes as 
waste, water samples were obtained by allowing 
water to flow aseptically from the dispensing tap into 
the glass bottles. The bottles were then corked and 
transported to the laboratories for microbial analysis. 
 
Multiple tube technique: 50mL,10mL and 1mL each 
of the water samples were transferred into prepared 
MacConkey broth and Azide dextrose broth at 50mL 
(double strength), 10mL (double strength) and 
5mL(single strength) for the enumeration of Feacal 
coliform and Feacal Streptococci respectively. The 
bottles were then transferred to an incubator and left 
there for 48hours. Bottles containing MacConkey 
broth were observed for a colour change while bottles 
with Azide dextrose broth were observed for 
turbidity. Positive results that contained coliforms 
changed from pink to yellow while positive bottles for 
azide broth were turbid suggesting the presence of 
Feacal Streptococci. Thereafter, the positive results 
from MacConkey broth were sub-cultured into Eosin 
Methylene Blue agar (EMB) to produce discrete 
colonies of total coliform and to isolate feacal 
coliform respectively. The positive results from the 
Azide dextrose broth were sub-cultured into 
MacConkey agar. All petri-dishes were incubated for 
24hours. Colonial characteristics and morphological 
analysis were carried out on those agar plates 
(modified Efuntoye and Apanpa, 2002). 
 
Antibiotic Susceptibility Test: A 0.5McFarland 
standard solution of the test organism was prepared 
by inoculating the organism in normal saline solution. 
From this solution, the organism was streaked on a 
Mueller-Hinton agar plate using a cotton swab while 
ensuring that the entire surface of the agar was 
streaked. Using a pair of sterile forceps, the antibiotic 
disc which included; Pefloxacin (10µg), Gentamycin 
(10µg), Ampliclox (30µg), Zinnacef (20µg), 
Rocephin (30µg), Amoxicillin (30µg) Ciprofloxacin 
(10µg), Streptomycin (30µg), Septrin (30µg) and 
Erythtomycin(19µg) was placed on the inoculated 
agar and the plate was incubated at 37°C for 24hours. 
The zones of inhibition of each antibioticwere 
measured in millimeters. (NCCLS,2000). 
 
Statistical and Data Analysis: The differences 
between Feacal coliform and Feacal Streptococci 
countsin both boreholes and storage tanks were 
analyzed using Generalized Linear Model (GLM, 
ANOVA).Significance levels were determined at a 
confidence interval of 95% (P<0.05); where the 
overall statistics were significant, a Tukey’s Honestly 
Significant difference (HSD) post hoc test was used to 
separate the means. All analysis were performed 
using SPSS statistical package (SPSS version 16.0, 
Chicago, IL, USA).  
 
RESULTS AND DISCUSSION 
The mean FC counts obtained in this study ranged 
from 1.2±0.3cfu/100ml - 55±10cfu/100ml while mean 
FS counts ranged from 0cfu/100ml – 
9.25±1.1cfu/100ml, (Figures 2 and 3). The FC and FS 
counts in some samples exceeded the World Health 
Organisation (WHO) guideline value of 0cfu/100ml 
for drinking water (WHO, 1997). FC results obtained 
in this study corroborates results obtained from 
similar studies on the microbial quality of borehole 
and well water in Ijebu Ode and Ago-Iwoye 
communities in South Western Nigeria, which also 
reported a greater than 0cfu/100ml in the samples 
examined (Olorunjuwon et al.,2013; Efuntoye and 
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Apanpa, 2010).Meanwhile at (P=0.007,F1,23=9.09) 
there was a significant difference in the mean counts 
of SF  obtained between the two water sources (ie 
borehole and storage tanks) in two of  the  hostels. 
Generally, storage tanks had higher counts except in 
Hostel B. In hostel C for instance, there was no SF 
found in the borehole water but it had in it storage 
tanks a mean count of 8.25±1.7cfu/100ml (see 
Fig.3).Since SF are not known to multiply in 
groundwater, the higher SF counts in the storage tanks 
can be attributed to the poor handling of stored water 
by the consumers (Sinton et al., 1993). Contamination 
could also have originated from the environment 
through dust particles transported into the tank. WHO 
report on protecting groundwater for health 2006, 
identifies leakage from sanitary systems such as septic 
tanks as the major source of feacal contamination of 
groundwater. Arguably, the distance between 
borehole and septic tank can influence the 
contamination of the groundwater by the septic tanks. 
Although, there have been reports to indicate a 
weak/negative correlation between the distance of a 
pit latrine and/or septic tanks and boreholes on the 
groundwater quality (Banda et al., 2014; Ahmed et 
al., 2002; Howard et al.,2003; Tandia et al., 1999),the 
distance between a borehole and septic tank remains 
an important factor in determining  groundwater 
contamination. According to the WHO Fact sheet on 
septic tanks (see Fact sheets 
3.9,http://www.who.int/water_sanitation_health/sanita
tion-waste/fs3_9.pdf). The minimum acceptable 
distance between borehole and septic tanks should be 
30m.From Table 1, selected Hostels did not meet the 
30m limit set by the WHO indicating that the 
observed feacal contamination in borehole water 
samples most likely originated from seepage from 
septic tanks in the study locations. 
 
 
Fig2: Mean Feacal coliform counts in boreholes and storage tanks 
 
 
Fig3: Mean Feacal Streptococci counts in boreholes and storage 
tanks. Bars followed by different letters (a-c) indicates difference in 
means. 
 







Samples from both boreholes and storage tanks tested 
positive for the presence of 77 isolates including 
Escherichia coli (34%), Klebsiella sp (23%), 
Pseudomonas sp.(19%), Proteus sp (5%), 
Enterobacter sp (3%) and Feacal Streptococci(12%).  
With the exception of Escherichia coli, all other 
isolates are ubiquitous bacteria genera often isolated 
from soil-water-plant environments (Somaratne and 
Halla, 2015).Similar studies carried out in Ijebu- Ode 
and Ogbomoso communities also isolated 
Pseudomonas aeruginosa, Escherichia coli, 
Klebsiella sp, Enterobacter sp and Proteus sp from 
borehole water (Olorunjowon et al.,2012 and Lateef 
et al., 2012). Even though organisms isolated in this 
study are naturally found in the environment, they can 
pose health threats to individuals with suppressed 
immune systems (Ali et al., 2011).Severe health 
effects such as gastroenteritis and Heamolytic 
Uraemic Syndrome have been associated with 
consuming Escherichia coli from 
groundwater.(WHO, 2006). 
 
Bacteria isolates were screened for their antimicrobial 
susceptibility pattern. The antibiogram test towards 
ten antibiotics including perfloxacin, gentamycin, 
ampicillin and ciprofloxacin (Figure 4) revealed that 
73% of the isolates were resistant to erythromycin 
while all the isolates (87%) except some species of 
Feacal Streptococci were completely sensitive to 
ciprofloxacin. Astoundingly, all isolates exhibited a 
multi drug resistance to at least eight of the antibiotics 
with Enterobacter sp. exhibiting the highest resistance 
to nine of the ten antibiotics it was exposed to. The 
findings from this study, suggests that the isolates 
may have acquired resistant genes to the tested 
antibiotics, probably due to exposure to sublethal 
doses in the environment or possession of intrinsic 
genes by the isolates. A couple of studies elucidate on 
































































Location Distance Apart Distance To 
Septic Tanks 
Elevations 
   Well heads Septic Tanks 
Location  A  7.28Metres 103 Metres 108 Metres 
Location  B 260.76 Metres 10.44Metres 112 Metres 105 Metres 
Location  C 351.74 Metres 28.28Metres 101 Metres 108 Metres 
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environments including domestic wastewaters and 
sewage systems e.g septic tanks which are viable 
sources where these isolates can possibly acquire 
resistant genes.(see Carlson and Yang, 2005;Sui et al., 
2015). 
 
Moreover, antimicrobial resistance of isolates from 
the Enterobacteriacea family where the isolates from 
the study belongs, is well documented (Arthur et al., 
1987; Losch et al., 2008;Lynch et al., 2013).For 
instance, Enterobacter sp (especially E. cloacae and 
E.aerogenes) which are well-known opportunist 
pathogens causing nosocomial infections exhibits 
intrinsic resistance towards amoxicillin and third-
generation cephalosporins like rocephin,(Bosi et 
al.,1999; Mezzatesta et al., 2012, Pontron et al., 
2013). This resistance is induced by the 
overexpression of the AmpC β-lactamases which are 
encoded on their chromosomes (Pontron et al., 2013). 
AmpC β-lactamases is also known to be transferred to 
organisms lacking or poorly expressing chromosomal 
AmpC genes such as Klebsiella pneumonia, 
Escherichia coli and Proteus mirabilis through 
transmissible plasmids (Jacoby, 2009). The resistance 
of Escherichia coli, Klebsiella sp and Proteus sp to 
erythromycin have also been documented (Arthur et 
al.,1987). Similarly, Ateba and Maribeng (2011) 
reported that 75% - 100% of Enterococcus species 
including Enterococcus feacalis (which is a Feacal 
Streptococci) from groundwater sources were 
resistant to erythromycin amongst other antibiotics. 
 
In a similar trend, as observed in this study, the 
sensitivity of all isolates to ciprofloxacin was also 
reported by Mulamattathil et al., 2014. Results from 
their study, revealed that all environmental isolates 
which included Pseudomonas aeruginosa, 
Escherichia coli and Proteus vulgaris were 
completely sensitive to neomycin, streptomycin and 
ciprofloxacin. They also recorded the resistance of 
isolates to erythromycin, trimethoprim and 
amoxicillin. In another study by Onuoha (2015), 
Escherichia coli from well water sources exhibited 
sensitivity to ciprofloxacin and pefloxacin. 
 
 
Fig4. Mean resistance and sensitivity percentages of isolates 
 
Conclusion: This study confirms the presence of 
Feacal coliforms and Feacal Streptococci in the water 
samples examined. More worrisome, it revealed that 
isolates exhibited multi drug resistance to the 
antibiotics tested. Generally, findings from this 
research suggests a contamination of the groundwater 
sources and the occurrence of antibiotics resistant 
bacteria in Ekosodin. In view of the above fact, it is 
therefore recommended that the water from these 
boreholes be treated before drinking. 
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